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Abstract
Psychological interventions can alleviate posttraumatic stress symptoms (PTSS). However, further development of treatment
approaches calls for understanding the mechanisms of change through which diverse interventions affect PTSS. We systemat-
ically searched the literature for controlled studies of mechanisms of change in psychological interventions for PTSS. We aimed
to detect all empirically studied mechanisms and evaluate the level of evidence for their role in the alleviation of PTSS. We
identified 34 studies, of which nine were among children. We found evidence for improvements in maladaptive posttraumatic
cognitions as a general mechanism of change involved in diverse interventions, among both adults and children. We also found
some preliminary evidence for increases in mindfulness as a mechanism of change in mindfulness- and spiritually-oriented
interventions among adults. We found scant, mixed empirical evidence for other mechanisms of change. Notably, studies on
changes in traumatic memories as a mechanism of change were lacking, despite clinical emphasis on their importance. A major
limitation across reviewed studies was that most could not establish temporal order of changes in mechanisms and PTSS.
Including thorough analyses of mechanisms of change beyond cognitions in all future trials and improving the reporting of
findings would aid the development and implementation of even more effective interventions.
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Psychological interventions are able to alleviate posttrau-
matic stress symptoms (PTSS) among adults (Cusack et al.
2016) as well as children and adolescents (Dorsey et al.
2017; Gillies et al. 2016). Meta-analyses among adults find
large effects for symptom reduction with trauma-focused
psychological treatments, which directly address memories,
thoughts, and feelings related to the traumatic event
(Cusack et al. 2016; Watts et al. 2013). Trauma-focused
interventions may perform better than nontrauma-focused
psychological treatments or pharmacotherapy (Lee et al.
2016), but there is also some evidence for the effectiveness
of nontrauma-focused interventions (e.g., Forst et al. 2014;
Markowitz et al. 2015). Questions vital to advancing both
the further development of treatment approaches and our
understanding of recovery from PTSS include how these
different treatments lead to their beneficial effects and what
might explain the superior effectiveness of some interven-
tions over others in particular contexts. Indeed, numerous
authors have called for moving beyond studying mere ef-
fectiveness of psychological interventions to a more pro-
ductive agenda of focusing on the mechanisms and pro-
cesses by which they have their effects (Johansson and
Høglend 2007; Hyman 2000; Kazdin 2007; Kraemer
et al. 2002; Shapiro 1995). Here, we contribute to such
an agenda by systematically reviewing all controlled stud-
ies of mechanisms of change involved in the treatment of
PTSS by psychological interventions.
There are at least five main reasons for studying the
mechanisms through which psychological treatments
lead to symptom reduction (Kazdin 2009). First, such
research allows us to separate general mechanisms from
more specific ones. Identifying shared key mechanisms
of change may explain how differing approaches may
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all lead to reduction in symptoms. At the same time,
isolating more treatment-specific mechanisms can boost
our confidence in particular interventions, as we are
able to ascertain that their effectiveness is indeed due
to the mechanisms of change they specifically target
(Kazdin 2007; Overbeek et al. 2017). Such particular
evidence may also help persuade clinicians to adopt
empirically supported treatments (Tryon 2005).
Second, identifying the most important mechanisms
of change assists us in the evaluation, optimization,
and development of treatment approaches to tap into
precisely such mechanisms better, improving their effi-
cacy and increasing rates of response. In the implemen-
tation phase, understanding mechanisms of change also
helps us clarify which treatment elements are essential
and critical, and should be emphasized in training, and
which might be more peripheral (Kazdin 2001). Put an-
other way, understanding mechanisms may help both
clinicians and researchers focus more appropriately on
empirically supported principles of treatment, rather than
individual treatment packages (Rosen and Davison
2003).
Third, understanding mechanisms of change can aid in
identifying conditions on which the effectiveness of treat-
ments depend and improve targeting of treatment. Patients’
susceptibility to change via specific mechanisms may differ.
Thus, mechanism research may also answer questions of what
works for whom and under what circumstances (Shapiro
1995).
Fourth, psychological treatments can lead to positive
outcomes beyond the reduction of symptoms of individ-
ual disorders. Treatment protocols are indeed increasing-
ly transdiagnostic. Accordingly, there is growing focus
and interest in identifying mechanisms of change that
may be common to several disorders and be of
transdiagnostic importance (Gallagher 2017). This is
highly relevant for PTSS, where comorbidity with other
disorders, especially depression, anxiety, and substance
abuse, is more the rule than the exception (Kessler
et al. 1995; Rytwinski et al. 2013). Even beyond disor-
ders, understanding the mechanisms of change of psy-
chological treatments may help us clarify the connections
between what happens in treatment and more wide-
ranging positive changes in areas such as social function-
ing, physical health, or quality of life.
Finally, empirical evidence for the role, or lack thereof, of
particular mechanisms in recovery from mental health symp-
toms is highly informative for refining or refuting models of
psychopathology. For instance, if a model claims a particular
mechanism to be crucial to maintaining a disorder, yet we
observe alleviation of symptoms without a change in that
mechanism, we have a strong suggestion that the mechanism
may not be so central to the condition, after all.
Investigating Mechanisms of Change
Change and change processes in psychological interventions
can be understood and studied in a variety of ways at different
levels, and clear definitions are essential (Doss 2004; Zalta
2015). This review focuses exclusively on mechanisms of
change, defined as changes that have occurred in the abilities,
skills, functions, capacities, or characteristics of the client as
the result of an intervention, which have generalized beyond
the therapeutic context and have led to alleviation of symp-
toms (Doss 2004; see also Johansson and Høglend 2007).
Thus, research on elements such as treatment components or
active ingredients of treatment as well as patient responses
during treatment sessions lies outside the scope of this review.
In intervention trials, mechanisms of change are typically
studied as mediators of treatment effects on final outcomes,
such as PTSS. A variety of methods exist to demonstrate the
mediating role of a hypothesized mechanism of change in an
intervention’s effects (Hayes and Scharkow 2013;
MacKinnon et al. 2002; Preacher and Hayes 2008).
However, not all mediators may represent mechanisms of
change. Demonstrating that a purported mechanism acts as a
mediator of treatment effects is just one part of establishing its
role (Kazdin 2007). A mediation analysis in a controlled trial
can show that the suggested mechanism is associated with
both treatment and outcome and (partially) accounts for their
connection, but other conditions have also been presented:
First, there must be a clear rationale for the proposed mech-
anism (Kraemer et al. 2002). Mechanisms must be non-trivial
in that they have potential explanatory value and are theoret-
ically sensible and/or empirically supported (Johansson and
Høglend 2007). We may propose mechanisms of change for
study based on over-arching theories or models of psycholog-
ical disorders or more specifically on the theoretical thinking
regarding therapeutic change in the particular intervention in
question. Notably, higher-level theories and more
intervention-specific reasoning may sometimes suggest differ-
ent mechanisms (Kazdin 1999; Tryon 2005). Potential mech-
anisms may also be identified based on earlier empirical re-
sults on their significant role in symptom reduction, whether
naturalistically or by treatment (Johansson and Høglend
2007). Studying empirically justified potential mechanisms
that the intervention in question is specifically not expected
to draw on for its effects may also be valuable (Kazdin 2007;
Kazdin and Nock 2003) to reinforce arguments for another
mechanism’s specific role. Analyzing any potential mecha-
nisms is defensible as long as hypotheses about their role in
the intervention’s effects, or lack thereof, are clearly stated.
Second, evidence for the temporal sequence of change should
be provided (Kazdin 2009). Without evidence that changes in
the mechanism precede those in the outcome, and not, e.g.,
vice versa, the claim that changes in the mechanism caused
changes in the outcome is seriously weakened (Johansson and
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Høglend 2007). In practice, this means taking measurements
of both the mechanism and the outcome several times during
and/or after the intervention and conducting analyses accord-
ingly (Doss 2004). Finally, findings on mechanisms of change
need to be robustly reproduced in several studies to be credible
(Johansson and Høglend 2007; Kazdin 2009). For this reason,
systematic reviews may be particularly useful for verifying
mechanisms.
Mechanisms of Change in Treating PTSS
Two non-systematic reviews have explored psychological
mechanisms of change in posttraumatic stress disorder
(PTSD) treatment by interventions based on cognitive-
behavioral therapy (CBT). Zalta (2015) reviewed findings
on mechanisms of change in three trauma-focused interven-
tions: cognitive processing therapy (CPT; Resick et al. 2014),
cognitive therapy for PTSD (CT-PTSD; Ehlers et al. 2005)
and prolonged exposure (PE; Foa et al. 2007). She found
evidence from two studies that reductions inmaladaptive post-
traumatic cognitions (PTCs) are a mechanism of change in PE
and CT-PTSD. Such PTCs have been defined as “problematic
appraisals of the trauma and/or its sequelae that maintain [a]
sense of current threat” (Ehlers and Clark 2000, p. 355) or as
trauma-affected erroneous perceptions of the self and the
world and self-blame (Foa et al. 1999). Further, two studies
suggested that increased hope might be a mechanism of
change involved in CPT, but could not establish the temporal
order of changes in hope and PTSS.
Sripada et al. (2016) further reviewed evidence from 2013
to 2016 on the relevance of particular mechanisms, more
loosely defined, to PTSD treatment by CBT interventions.
They, too, found substantial evidence for changes in PTCs
as a mechanism of change across treatment modalities, as well
as some evidence for between-session habituation and fear
reduction as a mechanism in exposure therapies, but little to
no empirical evidence for emotional engagement, contextual-
ization, or distress tolerance as mechanisms.
Beyond these two reviews, Gallagher (2017) provided an
overview of evidence on mechanisms of change that might
have transdiagnostic importance in CBT interventions.
Besides again identifying a number of studies on negative
PTCs as a mechanism of change in CBT interventions for
PTSS, he found some preliminary evidence from individual
studies on hope, emotion regulation, and anxiety sensitivity as
other possible mechanisms with transdiagnostic relevance.
Finally, Cooper et al. (2017a) reviewed evidence on mecha-
nisms in PE, finding clear evidence for cognitive change and
between-session habituation and some evidence for inhibitory
learning and emotional engagement as mechanisms, but little
for narrative organization or within-session habituation.
To our knowledge, no systematic reviews exist on mecha-
nisms of change in PTSS interventions, even as systematic
methods may be particularly well suited for elucidating such
mechanisms (Shadish 1996; Kazdin 2007). These previous
reviews have also limited themselves to CBT treatments and
particular pre-defined putative mechanisms. Here, we consid-
er the available evidence from controlled studies on all mech-
anisms of change that fit the definition detailed above, in all
types of psychological interventions for PTSS.
The Current Study
The present review has three objectives. First, we aim to iden-
tify all mechanisms of change that have been evaluated in
controlled trials of psychological interventions for PTSS,
and describe the interventions, contexts, populations, and re-
search designs they have been studied in. Second, for each
mechanism identified, we describe the strength and consisten-
cy of the evidence for the role of the mechanism in the allevi-
ation of PTSS by these interventions. Finally, based on our
findings, we provide recommendations and suggestions for
future research on mechanisms of change in PTSS
interventions.
Method
Registration
Th i s r e v i ew was r e g i s t e r e d w i t h PROSPERO
(#CRD42017064837) with its protocol described in detail be-
fore any work on it commenced, in line with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
recommendation (PRISMA; Moher, Liberati, Tetzlaff,
Altman, and The PRISMA Group 2009).
Eligibility Criteria
To be eligible for inclusion in this review, studies had to be 1)
based on randomized controlled trials 2) of a psychological or
cognitive intervention 3) delivered in person 4) with a primary
or a secondary aim of alleviating PTSS, and to include 5) a
PTSS outcome specified in terms of reduction in the severity
or frequency of symptoms, and 6) an explicit examination of
the role of a hypothesized mechanism of change in the effects
of the intervention on PTSS. Studies had to be 7) prospective,
8) with at least two points of measurement (pre-post), and 9)
published in a peer-reviewed academic journal. Studies on
tele-health, e-medicine or other forms of “therapy at a dis-
tance” were excluded. Studies on clearly non-psychological
(e.g., pharmacological or physiological) interventions were
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excluded. Studies on populations with traumatic brain injury
were excluded.
Identification and Selection of Studies
This review follows the recommendations of the PRISMA
statement and guidelines where applicable (Moher et al.
2009). Figure 1 presents a PRISMA flow chart of study
selection.
We conducted a comprehensive search of the electronic
databases MEDLINE, PsycINFO, Scopus, Web of Science,
Cochrane Central Register of Controlled Trials, and
Published International Literature on Traumatic Stress for
studies published by or available online on 31/08/2018. The
search termwas of the form (PTSD*OR posttraumatic stress*
OR post-traumatic stress* OR traumatic stress*) AND (inter-
vention* OR therap* OR psychotherap* OR treatment*) AND
(mechanism* OR mediat* OR via or path*), with adaptations
appropriate for each database. To maximize sensitivity, addi-
tional filters were not used. We further examined lists of ref-
erences from studies meeting the inclusion criteria and from
recent reviews and other major contributions in the field by
hand to locate additional studies.
The first author screened titles and abstracts of studies
found using the defined research strategy and those from other
sources to identify studies potentially meeting the inclusion
criteria. The two authors then assessed these potential studies
for eligibility. In case of dissenting opinions, a third outside
expert familiar with trauma research was consulted, and inclu-
sion decided by majority decision.
Quality Assessment
We assessed the included studies for quality of evidence using
a pre-developed checklist and scoring system (0–13) (Online
Resource 2). We based items of the checklist on the Cochrane
Handbook for Systematic Reviews of Interventions, the Jadad
scale (Jadad et al. 1996) and Kazdin’s (2007) design require-
ments for mediation. Some items were also adopted from a
systematic review by Gu et al. (2015). We classified as high
quality / low risk of bias those studies that scored at least 8/13
on this scale and, crucially, were able to show that changes in
mechanisms took place before changes in outcomes (item 10).
Otherwise, we classified studies scoring at least 6/13 on the
scale as average quality / moderate risk of bias, and those
scoring 0–5 as low quality / high risk of bias.
Data Extraction
We used a data extraction form prepared beforehand. We ex-
tracted the following data from the included studies: authors,
year of publication, intervention(s), control condition(s), study
design, sample characteristics (sample size, age, gender distri-
bution, nationality, type(s) of trauma experienced, share of
Records identified through 
database searches
(n = 18,240)
Additional records identified 
through other sources
(n = 12)
Records after duplicates removed
(n = 9,526)
Records screened
(n = 9,526)
Full-text articles 
assessed for eligibility
(n = 294)
Full-text articles excluded 
(n = 260):
Not peer-reviewed article (n = 22)
Case study or review (n = 14)
Did not study psychological 
intervention (n = 28)
Outcome not PTSS (n = 35)
Did not study mechanism (n = 94)
No control group (n = 67)
Studies included in 
review
(n = 34)
Records excluded
(n = 9,232)
Fig. 1 Flow chart of study
selection. Adapted PRISMA flow
chart diagram of the process of
selecting studies for review, with
reasons for exclusions
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participants with PTSD), proposed mechanism(s) of change,
measures and measurement time points for outcome and
mechanism(s) used in analysis, type of statistical analysis
and main results.
We calculated descriptive statistics on the included studies,
their characteristics, and quality. We assessed the effect of year
of publication on study quality by correlation. We carried out all
data processing and analyses using R 3.4.3 (RCore Team 2017).
Results
Study Selection
The search strategy identified 18,240 articles, of which 8726
were duplicates. Twelve potential articles were identified from
other sources. Based on title or abstract, 9232 articles were
excluded, with 294 full-text articles thus assessed for inclu-
sion. Finally, 34 articles met the inclusion criteria and were
included in the review.
Study Characteristics and Results
Online Resource 1 provides a detailed overview of the char-
acteristics and results of the 34 studies included in the review,
based on 31 separate samples, with 4117 participants in total.
Sample sizes of the studies ranged widely from 24 to 483
(M = 127.8; SD = 110.4). The main characteristics of the stud-
ies are summarized in Table 1 below.
A variety of approaches to the statistical analysis of mech-
anisms was taken, ranging from the outdated Baron and
Kenny (1986) steps approach to examinations of the indirect
effect employing the product of coefficients method with
bootstrapped estimates for standard errors, latent growth curve
analyses, and lagged multilevel models. A common problem
was lack of reported estimates of the indirect effects or path
coefficients, and ambiguity in whether reported coefficients
and effects were standardized or not. Notably, while most
studies examined the indirect effect of participation in the
intervention on PTSS via some mechanism, in some designs,
it was the indirect effect of the passage of time on PTSS that
was quantified, with differences between conditions examined
by their moderating effects on this path. Thirty studies
(88.2%) claimed evidence for at least one examined mecha-
nism explaining a treatment’s effects on PTSS, while four
found no such evidence.
Quality of Studies
Online Resource 2 presents the quality assessment of the in-
cluded studies. On the scale from 0 to 13, the mean Quality
Score (QS) was 6.41 (SD= 2.03), with a range of 3–10. We
observed a positive correlation between year of publication
and QS (r = .47, 95% CI [.15, .70], p = .005). Eleven studies
could be described as providing low quality evidence (QS 0–
5), 13 as average quality (QS 6–7 or QS > 8 and item 10
negative) and ten as high quality (QS > 8 and item 10
positive).
Table 1 Characteristics of
identified studies on mechanisms
of change involved in
psychological treatment of
posttraumatic stress symptoms
n % n %
Design Participants
Randomized controlled trial 30 88.2 Adults 25 73.5
Cluster-randomized controlled trial 4 11.8 Children or adolescents 9 26.5
Control condition 95–100% women or girls 10 29.4
Alternative treatment 13 38.2 95–100% men or boys 9 26.5
Treatment as usual or general support 11 32.4 United States only 24 70.6
Waitlist or minimal attention 13 38.2 Most common type of trauma
Intervention studied Rape or sexual violence 14 41.2
Prolonged exposure 9 26.5 Military combat 7 23.5
Cognitive processing therapy 2 5.9 Civilian experience of war and
conflict
4 11.8
Trauma-focused cognitive-behavioral
therapy
2 5.9 Other single incident 6 17.6
Other intervention described as CBT 7 20.6 Other repeated 2 5.9
Mindfulness- or mantram-based 5 14.7 Not reported 1 2.9
Cognitive training program 3 8.8
Other group interventions 6 17.6
Other individual or couple interventions 5 14.7
n = 34
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Only thirteen studies (38.2%) could assess temporal prece-
dence in their analyses of mechanisms of change, i.e., that
changes in mechanisms occurred before changes in outcomes.
Studies that could not assess the temporal order of changes
provide clearly weaker evidence. Thus, in describing the re-
sults below, we speak of mediation or changes in mechanisms
driving improvements in symptoms only in relation to these
thirteen studies. We interpret the more cross-sectional evi-
dence as just explaining the association between treatment
and outcome. Blinded assessment of both outcomes and
mechanisms was also rare, present in just seven studies
(20.6%). Usually, this was because measures of mechanisms
were self-reports, and participants were not blinded as to the
type of intervention they received.
Mechanisms of Change Identified and Evidence
for Them
We may divide the putative mechanisms of change examined
by the included studies into six broad categories: 1)
Posttraumatic cognitions and emotions; 2) attentional process-
es; 3) coping strategies and behaviors; 4) traumatic memories
and centrality of traumatic event; 5) mindfulness and spiritu-
ality; and 6) emotion regulation and depressive mood.
Posttraumatic Cognitions and Emotions Eighteen studies
(52.9%), of which five were of low quality, seven of average,
and six of high quality, examined changes in maladaptive or
problematic posttraumatic cognitions (PTCs), broadly de-
fined, or posttraumatic emotions, as a mechanism of change
in PTSS reduction. PTCs were studied as aggregates of vari-
ous types of appraisals in ten studies, while three studies sep-
arated different types of appraisals related to the self as incom-
petent or weak, others as untrustworthy or dangerous, the
world as unpredictable or threatening, or self-blame. Two
studies examined hope or hopelessness. Two studies looked
at the self-conscious emotions of shame and guilt, and two
more at anxiety sensitivity or “fear of fear”.
Eleven of these studies were conducted among adults. Of
these, seven studies provide varying levels of evidence that
improvements in PTCs may act as a mechanism of change in
reducing PTSS. In a detailed time-lagged analysis with
mechanism and outcome measured at each session, Zalta
et al. (2014; average quality) showed changes in overall
PTCs to drive changes in PTSS during PE among female
survivors of sexual or other assaults. Changes in PTCs were
not observed in a minimal attention control group. In a similar
time-lagged analysis, Cooper et al. (2017b; high quality) also
found changes in PTCs to drive later reductions in PTSS dur-
ing PE, but not sertraline treatment, among adult civilians
exposed to mainly interpersonal traumas. Importantly, effects
were not observed in the opposite direction. With female as-
sault survivors, Foa and Rauch (2004; low quality) found
PTCs to be reduced similarly in prolonged exposure (PE)
treatment with and without cognitive restructuring elements,
and changes in appraisals of self as incompetent and weak
specifically to associate with improvements in PTSS.
Changes in appraisals relating to the world or self-blame were
not associated with such improvements. As both forms lead to
similar changes in PTCs, this cannot be claimed to reflect
mediation of treatment effects. In an all-female sample of re-
cent assault survivors, Zoellner, Feeny, Eftekhari, and Foa
(2011; low quality) found posttreatment changes in self-
related appraisals to mediate the effects of a brief CBT inter-
vention on PTSS at a medium-term follow-up, as compared
with supportive counseling and repeated assessment. The
CBT also affected appraisals of the world as dangerous, but
changes in such beliefs did not mediate treatment effects.
There was no evidence of effects on appraisals about others,
self-worth or benevolence of the world.
Some studies among more specialized populations also ex-
amined PTCs as mechanisms of change. McLean et al.
(2015a; high quality) studied a four-arm randomized con-
trolled trial (RCT) among alcohol abusing adults with severe
PTSS comparing PE with and without naltrexone
pharmacotherapy to supportive counseling with or without
the drug. Changes in overall PTCs drove changes in PTSS
in all conditions except the supportive counseling and
placebo condition. The indirect effect on PTSS via PTCs
was strongest in the PE and naltrexone condition, but
significant in the naltrexone plus placebo group as well,
suggesting that this form of pharmacotherapy may also have
a beneficial effect via changes in PTCs. The reverse pathway
was also significant for all groups except supporting
counseling plus placebo, i.e., changes in PTSS also lead to
subsequent changes in PTCs. Mueser et al. (2008; average
quality) compared a customized CBT program and TAU
among adult civilians suffering from PTSD and a comorbid
severe psychiatric disorder and found changes in overall PTCs
to associate with the program’s effects on PTSS.
Most studies examined PTCs or emotions as mechanisms
of change during and immediately after treatment. In one
significant exception, Scher, Suvak, and Resick (2017;
medium quality) demonstrated that among female survivors
of rape, changes in self-, world- and other-related PTCs as
well as trauma-related guilt could partially explain the effects
of time on PTSS up to ten years after treatment, with similar
effects seen in both CPT and PE.
Gallagher and Resick (2012; low quality) studied hope, a
cognitive-emotional construct, as a mechanism of change, and
found cognitive processing therapy (CPT) among female rape
survivors to lead to greater decreases in hopelessness, com-
pared with PE, and changes in hopelessness to associate with
the effects of CPT on PTSS, as compared with PE. This head-
to-head analysis tentatively suggests increased hope might be
a specific mechanism more involved in CPT than in PE.
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Regarding shame and guilt, Ginzburg et al. (2009; low
quality) found among adult child sexual abuse (CSA) survivor
women at risk for HIV that the effects of a 6-month weekly
group-based therapy on PTSS, as compared with waitlist,
were partially explained by decreases in shame, but not guilt,
for both trauma- and present-focused therapy.
Finally, two studies provide evidence for anxiety sensitivity
as mechanism of change in reducing PTSS. In a non-clinical,
but trauma-exposed sample of undergraduates, Allan, Short,
Albanese, Keough, and Schmidt (2015; average quality)
found the effects of a single-session anxiety sensitivity train-
ing on PTSS one month later to be mediated by reductions in
overall anxiety sensitivity a week after the intervention, as
well as in its more specific social concerns domain, as com-
pared with a general education session on physical health.
Studying another computerized anxiety sensitivity training
among US adults with elevated risk of suicide, Short et al.
(2017; high quality) found its effects, compared with repeated
contact, on PTSS at one-month follow-up to be likewise me-
diated by changes in overall anxiety sensitivity, but also in its
cognitive concerns domain, at posttreatment.
Seven studies examined PTCs or posttraumatic emotions
as a mechanism of change among children and adolescents,
with five providing evidence of the role of PTCs in reducing
PTSS. In a small sample of underage survivors of a single
traumatic event, Smith et al. (2007; low quality) found chang-
es in overall PTCs to explain part of a CBT intervention’s
effects on PTSS, as compared with a waitlist. In CT-PTSD,
changes in PTCs from start of treatment to halfway through it
were found to mediate treatment effects on PTSS among UK
children and adolescents with fairly recent trauma, as com-
pared with waitlist (Meiser-Stedman et al. 2017; high quality).
No evidence of self-blame mediating treatment effects was
found. Among female adolescent survivors of rape or CSA,
McLean et al. (2015b; high quality) found changes in overall
PTCs to significantly mediate improvements in PTSS during
PE, but not during client-centered therapy. In contrast to the
McLean et al. (2015a) study, changes in PTSS did not lead to
subsequent changes in PTCs, demonstrating directional ef-
fects. For mostly female children and adolescents in
Norway, Jensen et al. ( 2018; high quality) found TF-CBT
to lead to greater improvements in PTCs compared with
TAU. Effects of TF-CBTon posttreatment PTSS were associ-
ated with changes in PTCs, when pre-post or mid-post chang-
es were examined, but not when pre-mid change was consid-
ered, precluding claims about direction of effect. In another
mostly female sample of children and adolescents in
Germany, Pfeiffer, Sachser, de Haan, Tutus, and Goldbeck
(2017; average quality) also found the effects of TF-CBT on
PTSS to be partly explained by changes in PTCs. However,
the outcome was not controlled for pretreatment levels of
PTSS, and the direction of effect could not be established.
Two studies reported negative findings among children.
Among war-affected Palestinian children, a psychosocial
group intervention was not found to lead to changes in
PTCs, and there was thus no evidence of such changes medi-
ating the intervention’s effects on PTSS (Kangaslampi et al.
2016; average quality). Another group-based psychosocial
treatment did lead to increased hope among Indonesian
schoolchildren after experiences of communal violence and
conflict (Tol et al. 2010; average quality), but such increases
were not associated with effects on PTSS.
Coping Strategies and Behaviors Six studies, four of average
and two of high quality, looked at changes in coping strategies
or behaviors as potential mechanisms of change. Two studies
provide evidence for their role, while the findings of the other
four were mixed or negative. Oman and Bormann (2015; high
quality) studied the role of improved self-efficacy in the ef-
fects of a six-week group-based mantram repetition pro-
gramme on PTSS among older male US combat veterans,
and found self-efficacy to mediate treatment effects, as com-
pared with TAU. However, in this otherwise high-quality
study, self-efficacy was assessed by just a single question re-
ferring to the participant’s ability to manage PTSD symptoms.
Sikkema et al. (2013; average quality) found that among HIV-
positive survivors of CSA, the effects of a group-based coping
intervention on PTSS, as compared with a therapeutic support
group, were associated with reductions in the use of avoidant
coping. With Chinese HIV-positive men who have sex with
men, Ye, Yu, Zhu, Chen, and Lin (2018; average quality)
found a group-based coping intervention to lead to more use
of problem-focused coping strategies, as compared with
waitlist, but such improved coping did not associate with re-
ductions in PTSS. Emotion-focused coping behaviors were
not affected.
Three studies were identified among children and adoles-
cents. Among UK children and adolescents with single-
incident trauma, Meiser-Stedman et al. (2017; high quality)
observed changes in rumination and safety-seeking behavior
to associate with the effects of individual CT-PTSD on PTSS.
When temporal order was established by only looking at
changes from start of treatment to midway through it, only
changes in safety-seeking remained a significant mediator of
pre-post effects on PTSS. Among Indonesian schoolchildren,
Tol et al. (2010; average quality) found a group-based psycho-
social intervention to lead to more use of positive coping
methods, but not to less use of negative ones. Positive coping
methods did not, however, associate with treatment effects on
PTSS. A similar intervention among Sri Lankan
schoolchildren (Tol et al. 2012; average quality) did not lead
to expected changes in coping method repertoire or satisfac-
tion with coping strategies, either. The overall limited effec-
tiveness of this intervention to reduce PTSS might explain
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these findings, but, contrariwise, failure to affect coping
mechanisms may also explain some of the mixed results.
Attentional Processes Three low-quality studies considered
changes in attentional processes as mechanisms of change in
PTSS reduction, with mixed findings. Improvements in atten-
tional bias plasticity, though not in static attention bias, were
found to partially explain the effectiveness of attention bias
modification (ABM) over an attention control condition on
PTSS among young US veterans (Kuckertz et al. 2014; low
quality). In contrast, Badura-Brack et al. (2015; low quality)
found that, among Israeli and US male combat veterans,
computerized attention control training sessions, but not an
ABM regimen, lead to reductions in attentional bias
variability, which associated with reductions in PTSS.
Among civilian female US sexual assault survivors,
Bomyea, Stein, and Lang (2015; low quality) found an
eight-session interference control training program to lead to
improvements in working memory capacity (interpreted as
evidence of proactive interference control ability) and re-
experiencing symptoms. However, change in the proposed
mechanism did not associate with effects on symptoms.
Traumatic Memories and Centrality of Traumatic EventA sin-
gle high-quality study was identified examining changes in
traumatic memories as a mechanism of change. Meiser-
Stedman et al. (2017; high quality) found pre-post changes
in self-perceived quality of traumatic memories to be associ-
ated with CT-PTSD effects on PTSS among children and ad-
olescents. However, when changes from pretreatment to mid-
way through only were included, in order to establish tempo-
ral precedence of changes, no significant mediation was ob-
served. One study examined perceived centrality of a traumat-
ic event to one’s life as a potential mechanism. Among mainly
female US adult civilians, Boals and Murrell (2016; low
quality) found that four weekly sessions of acceptance and
commitment therapy lead to greater reductions in PTSS com-
pared to TAU, and that these reductions were associated with
changes in perceptions of (traumatic) event centrality.
Mindfulness and Spirituality Three average-quality studies ex-
amined increases in mindfulness as mechanisms of change in
PTSS reduction, and one additional low-quality study consid-
ered spiritual well-being, all with positive findings. In the
same sample as Oman and Bormann (2015), a mantram rep-
etition program lead to increases in mindful attention among
US combat veterans, as compared with TAU, and this increase
partially explained treatments effects on PTSS (Bormann et al.
2014; average quality). A third analysis of the data found
increases in spiritual well-being to also account for some of
the program’s effects (Bormann et al. 2012; low quality).
Among older Swedish women with a cancer diagnosis,
mindfulness-based stress reduction delivered in groups lead
to increases in mindfulness from pretreatment to a three-
month follow-up, compared with a waitlist, and increases in
mindfulness associated with intervention effects on avoidance
symptoms (Bränström et al. 2010; average quality). Intrusion
and hyperarousal symptoms were not affected. In a pragmatic
trial among US substance dependent civilians with traumatic
experiences, a group-based program combining elements of
mindfulness training and CBT lead to additional reductions in
PTSS compared with a CBT program and TAU that were
associated with increased dispositional mindfulness (Garland
et al. 2016; average quality).
Emotion Regulation and Depressive Mood Two high-quality,
one average-quality and one low-quality study examined
changes in emotion regulation or depressive symptoms as
mechanisms of change in PTSS reduction. All studies had
positive findings on these mechanisms, but methodological
quality and measurement issues restrict the level of evidence
they provide. Among a small sample of survivors of the
Cambodian genocide now residing in the US and suffering
from PTSD and orthostatic panic attacks, Hinton, Hofmann,
Pollack, and Otto (2009; average quality) found the effects of
a culturally adapted CBT treatment on PTSS to be associated
with both improvements in emotion regulation capacity and
decreases in orthostatic panic severity. They linked these
changes to the involvement of decreased vagal tone in both
processes. Sautter et al. (2016; low quality) found changes in
emotion regulation problems and fears of intense emotions to
explain intervention effects on PTSS among US combat vet-
erans receiving structured approach therapy, as compared with
family education.
Studying active duty US soldiers, Norr, Smolenski, and
Reger (2018; high quality) found the effects of PE on PTSS
at posttreatment to be mediated by reductions in share of sui-
cidal ideation at midtreatment. While there was no evidence of
reduction in PTSS similarly mediating effects on suicidal ide-
ation, treatment effects on midtreatment PTSS did mediate
posttreatment effects on overall depressive symptoms. The
findings are limited by the use of a single-item dichotomous
measure for the mechanism. Employing the same sample of
female adolescent survivors of rape or CSA as McLean et al.
(2015b), McLean, Su, Carpenter, and Foa (2017; high quality)
found that reductions in depressive symptoms partially medi-
ated the effects of time on PTSS during PE, but not during
client-centered therapy. However, in both conditions, changes
in PTSS also lead to subsequent changes in depression, sug-
gesting a reciprocal relation, rather than a clear mechanism.
Discussion
Our aim was to identify mechanisms of change involved in
psychological interventions for PTSS by systematically
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reviewing all available controlled studies. We also aimed to
assess the strength and consistency of the evidence for their
role in the alleviation of PTSS. The 34 controlled studies
located examined a host of potential mechanisms of change
in PTSS reduction that we roughly divided into six categories:
posttraumatic cognitions and emotions; coping strategies and
behaviors; attentional processes; traumatic memories and cen-
trality of event; mindfulness and spirituality; and emotion reg-
ulation and depression.
Evidence for Different Mechanisms
Improvements in maladaptive trauma-related beliefs and ap-
praisals appear to be a core mechanism of change involved in
the effectiveness of many interventions for PTSS. We found
the most evidence for this mechanism in relation to CBT in-
terventions, but improvements in posttraumatic cognitions
(PTCs) may be a rather general mechanism. Both treatments
explicitly focusing on cognitive restructuring, such as CPT
and TF-CBT, and those including fewer such elements, such
as PE, appear to exert a significant part of their effects via this
mechanism. It is possible that exposure leading to recollection
of aspects of the trauma memory that contradict maladaptive
PTCs may be enough to change them, even if they are not
directly contested by cognitive strategies (Ehlers and Clark
2000; Foa et al. 2006). Our findings are consistent with pre-
vious results on how different trauma-focused CBT interven-
tions are able to affect PTCs (Diehle et al. 2014; Hagenaars
et al. 2010; Kumpula et al. 2017). We further found some
suggestions that non-traumafocused interventions may partly
work through change in posttraumatic cognitions and emo-
tions by, e.g., reducing shame or sensitivity to anxiety.
Overall findings on affecting shame or guilt were, however,
limited to individual studies.
Cognitive-emotional models of PTSD (Ehlers and Clark
2000; Foa et al. 2006) suggest overly generalizing,
catastrophizing or otherwise maladaptive posttraumatic ap-
praisals to be crucial to the development and maintenance of
and recovery from PTSS. This is supported by empirical evi-
dence demonstrating that such PTCs feature heavily in the
development and maintenance of PTSS both among adults
(Hansen et al. 2014; Karl et al. 2009; LoSavio et al. 2017;
Nixon and Bryant 2005) and children (Mitchell et al. 2017).
Our findings here and those of previous reviews (Sripada et al.
2016; Zalta 2015) lend further credence to this view.
Especially among female (sexual) assault survivors, evidence
about the importance of cognitive changes in the treatment of
PTSS is already robust. For children, we also found increasing
evidence for cognitive change as a mechanism of change in
individual trauma-focused therapies, while the limited find-
ings for group-based psychosocial interventions were nega-
tive. Exactly what types of posttraumatic appraisals or beliefs
might be most important to target in PTSS treatment remains
less clear. We did find, however, some evidence of changing
cognitions related to the self as incompetent or weak to be
particularly relevant, as compared with appraisals of others
or the world.
In contrast to PTCs, evidence on improvements in coping
strategies as a mechanism of change in treating PTSS is so far
limited. In the current review, the identified controlled studies
on coping strategies were heterogeneous and offered mixed
results. Theories such as emotional processing theory empha-
size the importance of dysfunctional strategies of cognitive
processing and behavioral coping that both directly produce
PTSS and prevent corrective experiences and thereby im-
provements in them (Foa et al. 2006). Theories suggest that
reduction in maladaptive coping strategies such as rumination,
thought suppression and experiential avoidance might lead to
the alleviation of PTSS by allowing for disconfirmation of
maladaptive cognitions and restructuring of traumatic memo-
ries (Ehlers and Clark 2000; Foa et al. 2006). Research has
indeed identified strong links between PTSS and maladaptive
coping strategies (Ehlers et al. 2003; Meiser-Stedman et al.
2014; Seligowski et al. 2015; Szabo et al. 2017). However,
we found little direct evidence so far to support the idea that
reduction in the use of rumination, suppression and avoidance
or increases in the use of more adaptive problem-focused
strategies would account for the effects of successful interven-
tions for PTSS.
Somewhat surprisingly, we found only one controlled
study where changes in the nature or quality of traumatic
memories were examined as a mechanism of PTSS reduction,
that by Meiser-Stedman et al. (2017) among children with
single-incident trauma. This is a striking finding, considering
the emphasis influential accounts of PTSD, such as dual rep-
resentation theory (Brewin et al. 1996; Brewin 2014) and the
cognitive model of Ehlers and Clark (2000), place on the
special nature of traumatic memories. One reason for this lack
of research may be the difficulty of operationalizing and mea-
suring the quality of traumatic memories, such as fragmenta-
tion versus coherence or level of integration and spatiotempo-
ral contextualization. Outside controlled trials, some previous
studies have found fragmentation and disorganization in trau-
ma narratives to correlate with higher levels of PTSS
(Halligan et al. 2003; Jones et al. 2007; Kenardy et al.
2007). Meanwhile, the few studies that exist among children
have found conflicting results on the link between self-
reported trauma memory quality and PTSS (McKinnon et al.
2017; Salmond et al. 2011). Some exposure-based treatments
for PTSS explicitly posit that their beneficial effects take
place, at least in part, via improved integration, organization
or coherence of traumatic memories (Foa et al. 2007; Schauer
et al. 2011). However, the few intervention studies available
(Bedard-Gilligan et al. 2017; Desrochers et al. 2016) suggest
that reduced fragmentation in trauma narratives may be more
of a possible additional effect of treatment than a necessary
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mechanism responsible for symptom reduction (Cooper et al.
2017a; Foa et al. 2006). Besides fragmentation, our findings
indicate that contextualization of traumamemories or integrat-
ing sensory-based memories into verbally accessible ones re-
main mostly unstudied empirically as mechanisms of change.
Future research on the topic could contribute to both under-
standing whether the quality of traumatic memories should be
a specific target of treatment and to theoretical debates about
the special nature of traumatic memories and their relevance
for PTSS (e.g., Brewin 2014, 2016; Rubin et al. 2016).
We also found little evidence on correcting attentional
biases as a mechanism of change. This may reflect the overall
limited effectiveness of attention bias modification programs
for PTSS reduction, or, considering the small number of stud-
ies identified, simply lack of sustained research efforts in the
area. Attentional biases are certainly observed in PTSD and
the severity of PTSS and attentional biases appear to correlate
(Bar-Haim et al. 2007; Pineles et al. 2009). However, empir-
ical findings differ on whether such biases relate to emotional
or threatening stimuli overall (Kimble et al. 2010;
Vythilingam et al. 2007), trauma-specific stimuli (Fleurkens
et al. 2011; Khanna et al. 2015), or a combination of both
(Zinchenko et al. 2017). Though some intervention studies
have reported success in diminishing PTSD-related attentional
biases (El Khoury-Malhame et al. 2011; Khanna et al. 2015),
there is so far scarce evidence of such improvements being a
mechanism of change in PTSS reduction.
We found some preliminary evidence that reductions in PTSS
achieved by mindfulness and mantram interventions are indeed
associated with increases in dispositional mindfulness among
adults. Such findings in support of the rationales of these non-
traumafocused approaches merit further study. Head-to-head
comparisons with trauma-focused methods would be especially
valuable to tease apart general and specific mechanisms.
Two studies we included provided evidence for improve-
ments in emotion regulation associating with PTSS reduction,
both with war-related trauma among adults (Hinton et al.
2009; Sautter et al. 2016). Emotion regulation difficulties have
been found to explain some of the links between trauma and
PTSS in several studies (e.g., Tull et al. 2007; Ullman et al.
2014). In relation to treatment, Cloitre et al. (2002) found
better emotion regulation skills to predict successful reduction
of PTSS during exposure treatment for childhood abuse-
related trauma, and Boden et al. (2013) reported reductions
in a maladaptive emotion regulation strategy, expressive sup-
pression, to associate with reduction in PTSS during group
CBT treatment for combat veterans. In light of such additional
findings and theoretical accounts suggesting emotion regula-
tion to be important for recovery from PTSS (Foa et al. 2006),
it, too, deserves to be included in future trials. Clear defini-
tions and arguments are essential here, too, especially in sep-
arating mechanisms limited to emotion regulation from cop-
ing strategies more generally.
Finally, we found two studies suggesting reductions in de-
pressive symptoms may drive PTSS reduction during PE, but
also that earlier changes in PTSS may affect later depressive
symptoms (McLean et al. 2017; Norr et al. 2018). Including
measures of (posttraumatic) depression in future trials and
examining the temporal order of recovery from different types
of symptoms during interventions would improve understand-
ing of the complex interplay between depressive and more
directly stress-related symptoms.
Methodological Issues in Included Studies
The studies included in this review exhibited great heteroge-
neity in the interventions studied and study designs, as well as
high variance in methodological quality. Though we initially
planned mediational meta-analyses, we did not identify a suf-
ficient number of adequately homogeneous studies on any
mechanism to justify such analyses. The study of mechanisms
of change is still nascent and would benefit from more uni-
form procedures and standards of reporting. Overall, we
judged the quality of the included studies to be average. In
line with Gallagher’s (2017) observation, we found the meth-
odological quality of mechanism research to be improving
over time. Indeed, all studies we classified as high quality
had been published between 2015 and 2018. The most essen-
tial methodological problems identified relate to the modeling
of change processes, especially inability to establish temporal
sequence for changes and concerns of causal interpretation.
Nearly two thirds of studies included in this review were
unable to show that changes in purported mechanisms preced-
ed changes in PTSS. This substantial limitation weakens the
level of evidence these studies provide for causal roles of the
mechanisms studied in the interventions’ effects (Johansson
and Høglend 2007; Pek and Hoyle 2016). They are not able to
separate possible by-products of treatment, reciprocal effects,
or indeed reductions in PTSS leading to changes in suggested
mechanisms from the mechanismmediating the intervention’s
effects on PTSS. Beyond this significant problem, there were
few attempts to capture more complex forms of change in
mechanisms or outcomes (Tryon 2005). Sudden gains are ob-
served in PTSS treatment (Aderka et al. 2011; Krüger et al.
2014), and beneficial change in psychotherapy overall seems
to cluster at the start and towards the end of treatment (Owen
et al. 2015), suggesting uneven change trajectories.
More fundamentally, nearly all the studies included in this
review relied on the traditional psychological approach to me-
diation established by Baron and Kenny (1986). Literature
based on the potential outcome counterfactuals framework
has pointed out that this approach, resting on linear regression
or SEM, is in fact estimating the pure natural indirect effect
(Muthén 2011) for a special case where problematic assump-
tions are made, typically without stating or justifying them
(Bullock et al. 2010; Shpitser 2013). The indirect effect this
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approach provides can only be causally interpreted if we as-
sume linear relations between treatment, mechanism and out-
come, non-interaction between treatment and mechanism, and
lack of confounders in the mechanism to outcome relation
(Shpitser 2013). Causal mediation analyses explicitly based
on the potential outcome counterfactuals framework have al-
ready seen adoption in, e.g., medicine and epidemiology, but
there is, as of yet, limited evidence of its use in clinical psy-
chological research.
Mechanisms of Change and Therapy Change
Processes
This review found evidence that a variety of interventions may
exploit similar mechanisms for their effects, particularly
change in PTCs. That different interventions might have their
effects via the same mechanism does not imply their equiva-
lence (Zalta 2015). Quite different treatment components
might draw on the same path to effectiveness, and their suc-
cess in doing so might differ according to patient characteris-
tics or other contextual factors. For these reasons, we deem it
valuable to distinguish between mechanisms of change,
representing changes in the client beyond the therapeutic con-
text, and change processes during therapy, representing treat-
ment components and changes in client response or behavior
during therapy sessions. This distinction has sometimes been
unclear in previous research. Still, all these elements are worth
examining closely when we try to untangle how our interven-
tions lead to their desired effects. Limiting ourselves here to
mechanisms of change in the strict sense means this review
cannot hope to provide a comprehensive account of processes
of change in interventions for PTSS.
Mechanisms of change and in-session change processes of
therapeutic interventions need not be studied in isolation. On
the contrary, we need to integrate results from studying both to
understand change in therapeutic interventions. Doss (2004)
suggested understanding mechanisms of change was a step to
be completed before moving on to study change processes
during therapy sessions. For interventions for PTSS, there is
much work to be done at this step. However, this does not
preclude the study of crucial change processes during therapy,
which indeed is also on-going both in terms of examining in-
session client responses (e.g., de Kleine et al. 2017; Sripada
and Rauch 2015) and particular treatment components (e.g.,
Deblinger et al. 2011; Sack et al. 2016). Mechanisms of
change and treatment elements can also be studied in
tandem, as Overbeek et al. (2017) did among children who
had experienced interparental violence. Their approach of
studying the effects of different degrees of exposure to specific
and non-specific treatment elements as potentially mediated
via different mechanisms can be recommended as highly in-
formative about the relationships between therapy change pro-
cesses and mechanisms of change beyond therapy.
Limitations
In addition to the exclusive focus on mechanisms of change
strictly defined, some other limitations pertain to this review
and its results. First, this review only included controlled stud-
ies. We therefore excluded some fine-grained analyses that
have examined (mainly cognitive) change processes during
therapy for PTSS in detail (e.g., Kleim et al. 2013; Kumpula
et al. 2017). The choice to exclude uncontrolled studies does
not suggest they cannot contribute to our understanding of
change processes. Demonstrating how changes in particular
mechanisms lead to changes in symptoms during treatment
can be tremendously informative for mechanism research.
However, uncontrolled analyses cannot, sensu stricto, provide
evidence on the mechanisms of change responsible for an
intervention’s effects on outcomes isolated from naturalistic
change or a control condition’s effects. Therefore, we chose to
exclude them here.
Second, we limited ourselves to studies published in peer-
reviewed journals. It is possible we could have missed some
individual relevant analyses of mechanisms of change because
of this criterion, though we are not aware of any. More widely,
publication bias is an important issue not just for effectiveness
trials, but also research on mechanisms of change. Bias in
findings on mechanisms may have been introduced by mech-
anisms of change only having been studied for a select minor-
ity of trials, often as afterthoughts, by most studies only ex-
amining a single favorite mechanism each, and by positive
findings being more likely to be published. It is important that
negative findings on proposed mechanisms of change contin-
ue to be published, too. Preregistration of hypotheses on
mechanisms and the inclusion of multiple potential mecha-
nisms in analyses are other important solutions, as suggested
below.
Third, there are some challenges in interpreting the in-
creasing evidence found for reduction in maladaptive
PTCs as a mechanism of change in PTSS reduction by
psychological interventions. To begin with, the concepts
and processes presented here under the expansive heading
of posttraumatic cognitions represent a wide variety of ap-
praisals, beliefs, and judgments. More detailed analyses on
the specific types of posttraumatic cognitions and emotions
that should be targeted for change are called for. We may
also wonder whether change in cognitions is best under-
stood as a mechanism leading to reduction in “actual
PTSS” or just one aspect of a cascade of changes in symp-
toms. Here, most outcome measures for PTSS were still
based on DSM-IV criteria. However, with the DSM-5
(American Psychiatric Association 2013) inclusion of neg-
ative alterations in cognitions and emotions as diagnostic
criteria for PTSD, the risk of the mechanism being mud-
dled with the outcome may increase going forward
(Kraemer et al. 2002).
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Fourth, skew in populations of the included studies, as
relates to demographics, geography and nature of trauma ex-
perienced may limit the generalizability of the results. The
great majority of the studies were conducted in the U.S.
Even there, studies examining mechanisms of change in
PTSS interventions are rare among civilian men. Out of the
31 samples included in this review, only two had a majority of
male civilians, while nine samples were exclusively or nearly
exclusively women, and seven consisted of combat veteran
men. Even though PTSD is more common among women,
this disparity in research is notable. Considering the nature
of trauma, sexual violence amongwomen andmilitary combat
amongmen are more often studied, while there is less research
on mechanisms involved in healing from other types of trau-
matic experiences. For example, we found just one smaller
study (Hinton et al. 2009) on civilian adults traumatized by
war.
Overall, the wide range of different types of traumatic
events participants in the included studies had experienced,
including both single-incident and chronic trauma, is a chal-
lenge for interpreting our findings. As evidence accumulates,
it is crucial to attempt to disentangle whether PTSS resulting
from different types and levels of trauma exposure are indeed
susceptible to change via the same or dissimilar mechanisms.
The same may be said of those with and without comorbid
disorders. Here, inclusion and exclusion criteria varied widely,
from studies limited to those with comorbid disorders
(McLean et al. 2015a; Mueser et al. 2008) to several that
explicitly excluded those with comorbid problems.
We also included studies on mechanisms of change among
children and adolescents in this review. With just nine studies
found among children and adolescents and most of them fo-
cusing on PTCs, the generalizability of our findings to chil-
dren and adolescents is quite uncertain, especially for mecha-
nisms of change other than PTCs. We did not identify studies
with very young children (below the age of nine). Children of
school age and older do exhibit fairly similar PTSS (Salmon
and Bryant 2002) and arguments have been made that prevail-
ing cognitive models of PTSD would be applicable among
children as well (Meiser-Stedman 2002; Mitchell et al.
2017). Still, the on-going and rapid cognitive and emotional
development in late childhood and adolescence may well
mean that the mechanisms of change most important for
PTSS improvement are somewhat different. Additional re-
search among children and adolescents is certainly called for.
Finally, while we evaluated the quality of the included
studies systematically with a pre-drafted assessment proce-
dure, our checklist consisted of a novel combination of items.
We view the use of a novel checklist as justified, as existing
ones such as the Jadad scale (Jadad et al. 1996) do not include
facets important to analyses of mechanisms of change. Still, at
least the division of studies as providing low, average, or high
quality evidence should be interpreted very cautiously.
Recommendations
Based on the findings of this review, we present recommen-
dations for future research on mechanisms of change in
Table 2. Some recommendations echo those presented by
Lemmens et al. (2016) for research into psychotherapy for
depression, but some are more specific to the question of
PTSS. We have divided the recommendations into critical,
important and helpful categories according to their importance
for improving research standards, but this classification is only
approximate. We expand on some recommendations below.
First and foremost, as already recommended by Kraemer
et al. (2002), gathering evidence on potential mechanisms of
change should become a routine part of the design of all trials
on psychological interventions, including those for PTSS.
Well-conducted clinical trials are expensive and time-consum-
ing, so maximizing the benefit we get from each completed
trial in terms of increasing our understanding of the mecha-
nisms underlying successful treatment is crucial. Optimally,
plans on the analysis of mechanisms would already be includ-
ed and described in detail in study protocols during pre-
registration in order to decrease publication bias. When they
plan analyses of mechanisms of change beforehand, re-
searchers can conduct power analyses on the indirect effect
to ensure their studies have enough power to provide mean-
ingful evidence about the mechanisms at work. This can be
somewhat more complicated than power analysis for the total
effect, but is possible via Monte Carlo methods even for com-
plex mediational models (see, e.g., Muthén 2011; Thoemmes
et al. 2010).
Further, it will usually make sense to study several potential
mechanisms in analyses and preferably include them in the
same models (Hayes and Rockwood 2016). This enables
reporting on the role of not just one mechanism appropriate
for the treatment in question, but on other putative mecha-
nisms which make theoretical sense or for which previous
evidence exists in the reduction of PTSS (Johansson and
Høglend 2007; Kazdin 2007). In a multiple mediation model,
it is possible to more appropriately quantify and meaningfully
compare the magnitudes of effects via different mechanisms
(Preacher and Hayes 2008).
For mediational analyses, it is crucial that researchers as-
sess changes in mechanisms and outcomes several times, in-
cluding at least once during the treatment process, in order to
establish the temporal order of changes. To report the effect
mediated through a mechanism of change, the indirect effect
should be quantified and its significance assessed by the bias-
corrected bootstrap confidence interval, the Monte Carlo con-
fidence interval, the distribution of the product method or the
percentile bootstrap confidence interval (Hayes and Scharkow
2013). The partially (by the scale of the outcome) standardized
indirect effect is an unbiased and consistent measure for mean-
ingfully quantifying its magnitude (Cheung 2009). Several
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studies in this review reported the proportion mediated, the
proportion of the total effect due to an indirect effect via a
mechanism, in percentages or shares (Alwin and Hauser
1975). This measure is awkward, as the “percentage mediat-
ed” may even exceed 100. Relatedly, claiming full or total
mediation when, after the addition of an indirect path, the
direct path is no longer statistically significant can be mislead-
ing, as this could result from a very small change in the mag-
nitude of the direct effect (Hayes and Rockwood 2016). For
example, Oman and Bormann (2015) claimed “full media-
tion”, even though their estimate for the magnitude of the
indirect effect was smaller than for the remaining direct effect.
To improve the causal interpretation of their claims, re-
searchers might wish to frame their analyses in the formal
language of counterfactuals (Imai et al. 2015; Pearl 2001;
Shpitser 2013). If researchers do not wish to adopt such an
approach, justifications for the assumptions made in tradition-
al mediation analysis, e.g., not considering interaction effects
and lack of confounders in the mechanism to outcome rela-
tion, should be provided. Problems of mechanism-outcome
confounding can be examined by sensitivity analysis for the
indirect effect (Imai et al. 2015), and a number of design- and
analysis-based solutions to overcome them exist (MacKinnon
and Pirlott 2015; Valente et al. 2017).
Finally, we would argue that for studying mechanisms of
change, the strongest research designs would be three-armed,
with two groups receiving active treatments aiming to reduce
PTSS (possibly via different mechanisms), and one group
acting as a waitlist/minimal attention/TAU control group.
With such a design, we can study both the indirect effects of
the treatments as compared with the control group via differ-
ent proposed mechanisms, and contrast the two active treat-
ments with each other in terms of which mechanisms they
actually employ. Dismantling designs where one group
receives a full intervention and another the same intervention
less a particular component are also highly valuable.
Conclusions
Our findings here reinforce the understanding that changes in
trauma-related cognitions are a general mechanism of change
in treating posttraumatic stress symptoms among both adults
and children. Changes in such cognitions can be achieved
through several types of interventions and lead to relief from
symptoms. The paucity of empirical evidence for other mech-
anisms postulated by theoretical models and rationales for
treatments is striking. In particular, this review highlighted
that improvements in the quality, coherence, or integration
of traumatic memories have not been empirically shown to
be a mechanism of change involved in any psychological
intervention aiming to reduce PTSS. Evidence on changes in
attentional biases, coping behaviors, or emotion regulation as
mechanisms of change is limited to individual studies.
However, these findings do not necessarily suggest that these
mechanisms are not important for treating PTSS. Instead, they
reflect the scarcity of controlled studies on such mechanisms
at present.
In terms of mechanisms specific to particular non-
traumafocused approaches, a few studies suggest that im-
provements in PTSS achieved bymindfulness-based interven-
tions may indeed be linked to increased mindfulness and spir-
itual well-being. There is, as of yet, little evidence for other
more specific mechanisms of change.
The study of mechanisms of change should be part of all
future trials on psychological interventions for PTSS and
plans for such analyses included in preregistered protocols.
The field would also benefit from more uniform and modern
standards in study design and statistical analysis. We have
Table 2 Recommendations for
studying mechanisms of change
in trials of psychological
interventions for posttraumatic
stress symptoms
Recommendation Importance
Measure, analyze, and report on mechanisms of change in all trials Critical
Measure changes in mechanisms at least once before measuring final outcome Critical
Analyze temporal order of changes in mechanisms and outcomes Critical
Report estimates for indirect effects via all mechanisms and provide confidence intervals for them Critical
Include several potential mechanisms, and study them together in multiple mediation models Important
Ensure mechanisms studied are not simply elements of treatment or outcome Important
Provide appropriate effect size measures, such as partially standardized indirect effects Important
Provide power analyses for indirect effects to be studied Important
Include detailed information on planned analyses of mechanisms in study protocol during
pre-registration
Important
Frame analyses in counterfactual terms, or examine and justify assumptions of traditional
mediation analysis
Important
Include a waitlist / minimal attention control group even in studies comparing different active
treatments
Useful
Include changes in posttraumatic cognitions and traumatic memories as potential mechanisms Useful
Measure both mechanisms and outcomes repeatedly during treatment Useful
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attempted to contribute to such standards by providing some
recommendations based on the findings of this review.
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